The development of a method of producing etch resistant wax patterns on solar cells by Pastirik, E.
JPL NO. 9550-448 
DRL NO* 97 
DRD YO- SE-5 
QI THE DEVELOPMENT OF A RETHOD OF 
t 
~1 PRODUCING ETCt! RESISTANT 
v a 
r a s  
I 
r 
WAX PATTERNS OM SOLAR CELLS 
=3 
$ Z  
E QI 
Z 3 r y  
Y 
;t 
\ 
F I N A L  TECHNICAL REPORT 
.Fl 
w 
4 
0 
HOTOROLA REPORT NO* 2365/4 
DRD NO- SE-5 
NOVEMBER 1980 
s U 
W S  = 
3 i )  t? 
J P L  CONTRACT NO- 955324 
w c l  
PREPARED BY 
E -  P A S T I R I K  
MOTOROLA INC- SEMICONDUCTOR GROUP 
5 0 0 5  EAST RcDOWELL ROAD 
PHOEUIX, ARIZONA 85008 
. I 
THE J P L  LOW-COST SOLAR ARRAY PROJECT I S  SPONSSaEI! BY THE U - S -  
DEPARTNEWT OF ENERGY AWD FORMS PART OF THE SOLAR PHOTOVOLTAIC 
CONVERSION PROGRAM TO A N I T I A T E  A MAJOR EFFORT TOWARD THE 
DEVELOPMENT OF LOW-COST SOLAR ARRAYS- T H I S  NORK WAS PERFORMED 
FOP THE JET PROPULSION LABORATORY, CALIFORNIA I N S T I T U T E  OF 
TECHNOLOGY BY AGREEMENT BETWEEN HASA AND DOE- 
PROJECT NO* 2365 
https://ntrs.nasa.gov/search.jsp?R=19810004038 2020-03-21T16:15:19+00:00Z
DRL NO- 97 
DRD NO. SE-5 
THE DEVELOPnENT OF A METHOD OF 
PRODUCING ETCH RESISTANT 
WAX PATTERNS ON SOLAR CELLS 
F I N A L  TECHNICAL REPORT 
MOTOROLA REPORT N 9 -  2365/4 
DRD NO. SE-5 
J P L  CONTRACT NO- 955324 
PREPARED BY 
E -  P A S T I R I K  
ROTOHOIA I N C  SEMICONDUCTOR GROUP 
5005 EAST HcDOWELL ROAD 
PHOENIX, ARIZONA 85008 
THE JPL LOW-COST SOtAR ARRAY PROJECT I S  SPONSORED BY THE U - S *  
DEPARTMENT OF ENERGY AND FORHS PART OF THE SOMR PHOTOVOLTAIC 
CONVERSiON PROGRAM TO I N I T I A T E  A MAJOR EFFORT TOWARD THE 
DEVELOPMENT OF LOW-COST SOLAR ARRAYS- T H I S  WORK WAS PERFORRED 
FGX THE JET  PROPULSION LABORATORY, CALIFOhN I A  I N S T I T U T E  O f  
TECHNOLGGY BY AGREEMENT BETUEEN NASA AND DOE- 
PROJECT NO- 2355 
THIS  REPORT WAS PREPARED AS AH ACGGUNT OF WORK 
SPONSORED BY THE UNITED STATES GOVERNKYT- 
NEITHER THE UNITED STATES NOR THE UNITED 
STATES DEPARTHENT OF ENERGY, NOR ANY OF THEIR 
ERPLOYEES, NOR AMY OF THEIR CONTRACTORS. 
SUB-CONTRACTORS. OR THEIR EflPLOYEES, HAKES AMY 
WARRAHTYJ EXPRESS OR IHPLIED, OR ASSUES ANY 
LEGAL L I A B I L I T Y  OR RESPONSIBILITY FOR THE 
ACCURACY j COflPLETENESS OR USEFUWESS OF ANY 
I WFORllATIOH, APPARATUS. PRODUCT OR PROCESS 
DISCLOSED. OR REPRESENTS THAT I T S  USE WOULD 
NOT INFRINGE PRIVATELY OYYED RIGHTS- 
A potent I a l l y a t t r ac t  1 ve techn I aue f o r  wax mask1 ng of sc l a r  ce l l s p r  l o r  
t o  etching processes was studied. This techpique made use of a reuseabla wax 
composition which was applied t o  the solar c e l l  I n  pattern2d form by means of 
a letterpress p r i n t i ng  method. After standard wet etchIr.9 was performed, wax 
r e i i v a l  by means of hot water was investigated. 
Application o f  the letterpress wax p r in t ing  process t o  s l l l c c n  was met 
wi th a number of d i f f i cu l t i es .  The most serious shortcmfng of  the process 
was i t s  l n a b l l i t v  t o  p m u c e  consistantly well-defined pr inted patferns on the 
hard s i l i con  c e l l  surface. 
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This project  stud led the use of pr inted wax t o  serve as etch resistant  
patterns i n  the low cost  nuf facture of s i l i c o n  solar cells. The use of 
pr inted wax suggested several advantages over the presently used techniques i n  
terms of econom) and reduced process i ng tin*. In addition, removal o f  wax from 
processed cel  l s and i t s  subsequent reuse afforded the possi bi l i t y  o f  fur ther 
economy along with the reduction o f  waste ma-terial output. 
A study of  four -2echniques (transfer, I i thography, intagl  i o  and letterpress) 
ident i  f ied letterpress ~ r i  n t  ng as having the fewest problems where app!.ied t o  
- 
solar c e l l  processing. The most overal l  sui table masking wax Ident i f ied was 
an Apiezon W solution. The s u i t a b i l i t y  o f  Apiezon W as a masking agent was 
demonstrated on bare s i l icon,  and on s i l i con  coated wi th  s l l i c o n  dioxide and 
with s i ! icon n i t r ide,  both textured and planar. Various methods o f  wax 
removal were researched, wi th emphasis placed on a system tha t  avoided the use 
of organic solvents. Although renovat by bo i l i ng  water o r  steam appeared 
promising, complete removal was not possible by e i ther  of these methods. 
The net resu l t  o f  the project  revealed tha t  letterpress p r i n t i ng  produced 
less than satisfactory image qua!ity f o r  use i n  solar c e l l  processing, and 
tha t  complete removal of wax from processed wafers by means of water or  steam 
i s  not pract ical .  
a2.0 l NTROOUCT 1 ON 
The patterned conductors on st l icon sol a t  ce l t s may be f ncorporated I n* 
the process sequence i n  one o f  three ways: 
1. Metal deposition on a bare s l l i con  surface 
(a) Evaporate metal pattern' throu* a mask 
(b) S i  I t. screen meta I pattern 
(c)  Evaporate (o r  sputter) metal over the en t i re  surface, and 
incorporate a separate patterning step. 
. . 
2. Metal deposition i n  a pattern on the d ie l ec t r i c  (AR) layer, and 
reaction through the AR layer ta contact the s f  Iicon. 
3. Metal deposition i n  patterns opened i n  a d i e l ec t r i c  (AR) layer. 
Considering t h e  long range DOE p r i ce  projections, pethods 1 and 2 are 
considered t o  be too expensive i n  terms o f  basic materials cost and/or 
processing cost. Method 3 can incorporate a simple and economical base metal 
plat ing technology; it i s  necessary, however, tha t  technology e x i s t  for 
providing the openings i n  the pre-applied d ie l ec t r i c  (AR) coating In an 
econom i ca l manner. 
One d ie l ec t r i c  patterning technique, comnonly uced i n  the semiconductor 
industry, invclves photoresist. A photosensitive l iquid, known as photoresist 
(PR) , i s  applied t o  the c e l l  surface by spraying o r  rapid spinning as a t h i n  layer 
c f  control led thickness. As the f reshiy applied PR layer i s  viscous and st icky 
a t  t h i s  point, a baking step i s  performed t o  dr ive o f f  residual solverit and produce 
a surface tha t  permits fur ther processing. Af ter  baking, the PR Layer i s  exposed 
t o  UV l i g h t  through a shadow mask, i r rad ia t ing  the layer i n  the intended pattern. 
The i r rad ia t ion  pr-omotes chemical reactions i n  the PR layer, causing the i l luminated 
areas t o  be e i the r  more o r  less soluble than the uni l luminsted portions, 
depending on the type of PR used (pos i t ive  o r  negative). The cel ls ,  after 
an addi t ional  bake, are exposed t o  a solvent which se lec t ive ly  removes 
photoresist, leaving behind 8 PR pat tern resembling t ha t  on the shadow mask. 
The rema!ning pat tern i s  used t o  protect  parts o f  the device from the etchant 
agents t ha t  are employed t o  dissolve away the unmasked d i e l e c t r i c  (e.g., s i l i c o n  
dioxide o r  n i t r i d e )  layers. Af ter  etching, the PR must i t s e l f  be removed by s 
special s t r ipp ing solution. 
The use of  photoresist presents a number o f  problems. The material i t s e l f  
i s  expensive. Being l i g h t  sensitive, PR processing areas must be i l luminated by 
yellow safety l i g h t  and must a lso be care fu l l y  temperature- and humidity-controlled. 
The photographic process by which the PR i s  patterned i s  time consuming, and c a l l s  
f o r  expensive exposure equipment and care fu l l y  prepared photographic glass 
plates bearing the intended pat tern image (or  i t s  photogra2hic negative). More- 
over, the PR mixtures avai lable are non-reuseable. Once appl ied and processed, 
the PR undergoes i r revers ib le  chemical a i te ra t ion  and must be chemically 
destroyed i n  oraer t o  e f f ec t  removal from the cbbstrate surface. Other 
disadvantages are also encountered. PR contains organic solvents, such as xylene, 
which are released t o  the atmosphere dc.-ing use; some FR mixtures generate gas 
during storage, causing po ten t ia l l y  dangerous pressure buildup; and v i r t u a l l y  a l l  
have l imi ted shelf l i f e .  
The use of  wax as a subst i tute f o r  photoresist resu l t s  i n  substantial benefits. 
Wax i s  generally less cost ly  than care fu l l y  formulated PR preparations. Unlimited 
shelf  l i f e  i s  possible, since wax, e i ther  i n  pure s o l i d  form o r  as a mixture wi th  
an organic solvent, i s  r e l a t i ve l y  insensitive t o  temperature and does not depend 
f o r  i t s  effectiveness on photochemical reactions. Even i f  solvent-wax mixtures 
are used instea0 of  pure wax, the use of organic solvents t o  develop the image 
i s  avoided, thereby lessening the amount of solvent released to t he  atmosphere. 
Processing tlme i s  s lgn i f  lcant ly  reduced by avoiding the lengthy mul t ip le  baking 
cycles and exposure steps necessary with photoresist. To the above must be 
added the lack o f  a need for- a physlcal ly separate photoresist f a c t l l t y  
requir ing special illumlnatlor,, humidification, and temperature control. 
Since wax i s  not l ight-sensitlve, i t s  use as a patterned masking agent 
requires a method o f  producing a pattern without the sxposure o r  develop1 ng 
processes involved wi th the use o f  photoresist. Any of  various p r i n t i ng  
methods suggest themselves as sui table fo r  forming the requtred pattern. Si lk-  
screen p r i  n t  i ng has been successf u I I y employed f o r  t h  i s purpose. S l  I k screen1 ng 
requires -rhe use o f  properly prepared formulations which have appropriate flow 
properties while maintaining useful etch resistance consistent wi th ease o f  
removal. The purpose of  t h i s  program was t o  investigate some form o f  impact 
pr int ing,  using a p r in t ing  device s imi lar  t o  an ordinary o f f i c e  stamp, which 
would provide benefits of simplici ty, coating durabi l i ty ,  and speed over current 
silk-screen methods. 
The project  entai led the performance o f  several tasks: 
1 )  Determine the p r in t ing  method 
2) Determine a sui table wax res i s t  
3 Text p r i n t i ng  resu l ts  and modify process i f  necessary 
4 )  Evaluate methods of wax removal. 
3.0 TECHNICAL DISCUSSION 
3.1 TYPES OF PRINTING 
Four p r i n t i n g  var ia t ions  were studied: t rans fe r  p r in t ing ,  l i thography, 
i n tag l i o ,  and let terpress.  
3.1.1 TRANSFER PRINTING 
Transfer p r i n t i n g  involves a process analogous to the  use o f  carbon 
paper o r  a f i l m  typewr i te r  ribbon. A th in,  durable f i l m  ca r r i es  upon it a 
t h i n  I yer o f  wax which i s  t ransferred t o  the  so la r  c e l l  substrate surface by 
pressure appl ied t o  the  back o f  the  f i lm.  I f  pressure i s  appl ied i n  a pat tern:  
a patterned iayer o f  wax i s  transferred. 
I t  was suspected t h a t  t h i s  method o f  p r i n t i n g  would be the least  desirable; 
experimental r e s u l t s  bore t h i s  out. Too t h i c k  a wax coat ing on t h e  t rans fe r  
f i l m  caused e i t h e r  f a i l u r e  t o  t rans fe r  o r  ragged l i n e  edges where the  wax 
had t o r n  away from the supporting f i l m .  Thinner wax coatings improved edge 
d e f i n i t i o n  but  resul ted i n  spot ty  wax coatings w i th  pinholes and r e l a t i v e l y  
large areas o f  unmasked surface. I n  addi i ian, adhesion was found t o  be poor, 
w i t h  the  t h i n  wax coat ing l i f t i n g  o f f  the  substrate during etching. This method 
was rejected. 
3.1.2 1. I TtiOGRAHY 
In lithography, a f l a t  surface i s  t reated so t h a t  par ts  o f  it a t t r a c t  and hold 
a substance such as ink  o r  wax, whi le other  par ts  are  repel lant ,  The d e f i n i t i o n  
o f  a t t r a c t i v e  and repe l lan t  areas i s  achieved by a number o f  methods, such as 
app l ica t ion  t o  an area or the p la te  o f  a spec ia l  grease, o r  p l a t i n g  s r t a i n  areas 
wi th  a metal t o  which wax adheres, whi le the p l a t e  i s  composed o f  a repe l lan t  
mater ia l .  
The preparat ion o f  l i thographic p la tes  proved t o  be both complicated and 
expensive. The use of a grease pat te rn  t o  def ine the  wax-bearing areas of t he  
p l a t e  was not  p rac t i ca l  since the  grease image would wear o f f  very qu lck ly  I n  use 
or s u f f e r  rap id  image degradation due t o  t h e  grease solvent  propert ies o f  the  
masking wax. 
The use o f  wax-repellant and wax-attract ive regions on metal p r i n t i n g  p la tes  
appeared p rac t i ca l  a t  f i r s t .  I n  practice, t he  o r i g i n a l  pa t te rn  was t rans fer red 
from an e x i s t i n g  photomask t o  p l a s t i c  f i l m ,  sh ich i s  required i n  order t o  expose 
a photoresist  coated metal plate, and the  developed p l a t e  was then p la ted w i th  a 
wax-attract ive coat ing o f  copper. A i t e r  p lat ing,  t he  photoresist  was st r ipped and 
the  p l a t e  was ready f o r  use. 
The expense o f  these items was substant ial .  Production o f  a f i l m  image o f  the 
pat te rn  cost  $6, s ta in less  steel  cost $2 and photoresist  treatment of s ta in less  
steel  p la tes  cost  an addi t ional  $8. Expenses o f  approximately $10 were required 
t o  copper e lec t rop la te  the  steel  p l a t e  and s t r i p  photoresist.  The t o t a l  cost  
per p l a t e  was thus $26. 
This cost  however, was not a one-time expense. Deter io ra t ion  o f  the  
p r i n t i n g  plate, as a resu I t  of scratching and/or wearing o f  the  s o f t  copper 
p lated region required i t s  per iod ic  rep la t i ng  a f t e r  1OO t o  200 cycles. Even 
though the s ta in less  steel  p l a t e  i t s e l f  could be reused, the p l a t i n g  process 
required reapp l ica t ion  ?f photoresist  and patterning, cost ing $18 each 
time, o r  9 - 18C per substrate. In  view o f  t he  cost the  l i thographic method 
was dismissed as being impractical. 
3.1.3 1 NTAGL I 0  
Also o r i g i n a l l y  planned for study was i n t a g l i o  p r in t i ng ,  i n  which wax i s  
borne by depressions i n  3 plate, the raised p l a t s  areas being res is tan+ t o  
wax wetting. Surface tension of  t he  wax causes "beading" of TP,e wax i n  the 
depressions,- resul t ing i n  wax protruding above the raised p tate areas (Figure 1 1. 
Tr ia ls  of t h l s  t*kchnique showed that the masking uax had insufficient surface 
tension tc cause the required beading. In  addition, 8 durable wax arrtiwt*lng 
agent for the r a i d  plats portions was not found. Stray droplets of wax 6n 
raised plate portions also contributed t o  the p r o b l e ~ ~ ~ ~  associated with th is  
method. In  view of the impract'calit ies involved, the in tag l io  technique was 
dropped from further c0nsiderati.m. 
3.1.4 L M S S  
Letterpress pr in t ing makes use o f  a plate that  has protrusior.~ i n  those 
areas that  are t o  receive wax. Max i s  applied, usually by ro l ler ,  and i s  
deposited mainly on the protrusions. The p late i s  then pressed against the 
subsirete, where the wax borne by the protrusions transfers t o  the substrate 
(Figure 2 ) .  
Pre 1 imi  nary tr i a l s of  letterpress wax pr i n t  i ng conf i rmed i t s  superior i 
t o  the other types of image prcduction techniques and it was chosen for use i n  
the remainder of  the project. 
3.2 P!?INTING METHOD 
The low-cost production.of pr in t ing plates was essential t o  the success 
of the project, and methods were developed t o  produce large quantit ies of 
p l ates i nexpeds i ve l y . 
A master m : d  was prepared, by photoresist and wet acid etching processes, 
of the intended image. The mold t m k  the forff of a negative image c f  the 
pr int ing $late, with depressions i n  the areas where protrusions were desired 
on i h e  plate. In th i s  way pr int ing plates could be produced of any curable 
l iqu id material by casting the l iqu id i n  the master mold and removing the 
material i n  the form of a finished plate a f te r  hardening (Figure 3 ) .  
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In order t o  f lnd the master f ~ l d  material capable of mmbining the 
desirable qual i t ies of physical durabi l i ty  and the capabil i ty of accepting detai led 
et&iq, molds were produced of several materials: a iumi nun, copper, glass, Kovar, 
- 
at d sta I n less steel. Exper inlentat ion showed that  g lass was unacceptable as a 
mold material - aside f&n i t s  f rag i l i t y ,  it fa i led  ?o etch deeply and displayed 
an uneven etch rate which made the attainment o i  f ine- l ine image feabres - 
impossikle. Alu~inurn a l s c  less than ideal because of i t s  wftness .  
Aluminum also shared a cbm##r.defect with copper - both metals were attacked 
by acids present in  sfme o f  the materials fmn which plates were mlded, 
par t icu lar ly  the RTV si l icone rubbers. Stainless steel and Kovar m t d s  proved 
the most detailed and durable. 
A. - 
- 
, 
Materials used for p r in t ing  pfate production were varied. The project 
o r ig ina l l y  sought t o  employ molten wax as a masking agent, requir ing the use . 
o f  plate m t e r i a l  s which were capable of  w f  thst8nd.i ng sustained elevated 
temperatures cf approximately -I%%. It was la ter  detemined, for  reasons 
discussed Jn Section 3.4, that roan temperature pr in t ing  with solvent-wax solutions 
would be attempted in place of t h e  riot wax printing. This widened the 
choice of pr in t ing plate materials. Those materials tested included: Sylgard 
!84 (a hro part  curable sil icanu), castable acrylic, plaster, portland 
epoxy, vinyl, and polyethylene. Most of  these ra te r i a l s  fa i led fo r  four basic 
reasons. 1 )  Britt leness caused crumbling of parts s f  the protrusions on the plaster 
and cement plates. 2) Excessive hardness prevented pla'les cclmposed of ac ry l i c  
and epoxy from contacting the wafet. 31 Absorption o f  solvent frm, solvent-wax 
so i o t  i ons caused unacceptab I e sue I l i ng of acry l i c , epoxy, and v i ny l p l ates; 
4; Excessive wear during use caused the rejection of polyethylene as a suitable 
material. This l e f t  Sylgard 184 as tha preferred material; SylgarO i s  a two- 
part  silicone rubber ccwrposition which i s  3 pourable, self-levell ins l iqu id 
when freshly ?repared. The law viscosity >f  tne l iqu id allows it to  f i l l  small 
features i n ttte master m ~ l  d and to re I l eve i t se  l f o f  any entrapped a i r  bubb I as. 
- 
Af ter  standing f o r  several hours, Sylgard gels complete1 y, fwming a hu* ,  
f lex ib le,  s l i g h t l y  e l as t i c  substance t h a t  pul Is away fmn the mold cleanly. 
I t s  e l as t i c  property permits the Sylgard p la te  t o  comply wi th the surface of the 
wafer being printad, even i f  the wafer has an i r regular  surface. Mr#eover the 
Sylgafd readi ly  accepts wax o r  wax solvent mixtures, yet  permits easy cleaning 
i n  wax solvents. Several p r in t ing  plates composed of t h i s  tnateriar were used. 
A master mo I d and a Sy I gard p r  i n t  i ng p la te  are she-wn i n  F i gums 4 and 5, 
respective I y . 
3.3 WAX SELECTION 
Early i n  the project, a single wax was chosen as a masking agent. Due t o  
the wide range of  chemical etch reagents - both acid and basic - and highly 
reactive mixtures tha t  the mask would have t o  withstand, as well as the local 
heating ef fect  tha t  sometimes accompanies etching, a high-rnelting micro- 
crys ta l l i ne  wax was chosen as the f i r s t  canaidste material. The wax chosen was 
Multiwax 19W, a hard material melting a t  90O~ and possessing exceptional chemicai 
inertness. The Multiwax, despite i t s  excel lent chemical properties, displayed 
a iow viscosi ty when molten which allowed the pr inted wax t o  spread appreciably 
a f t e r  being deposited on the wafer surface, thus b lu r r ing  the pr inted pattern and 
ob l i te ra t ing  f ine  de ta i l s  of the image. 
The desire for  masking agents wi th higher v iscos i t ies  and s l i g h t l y  d i f f e ren t  
physical character ist ics led t o  the investigation of two addit ional material 
systems: Apeizon W, a black, vacuum d i s t i l i e d  asphalt wi th a working 
temperature o f  about 115'~; and glycol phthelate, a c lear ye1 low, glassy 
substance with a strongly temperature-dependent v iscos i ty  change nest i t s  melt ing 
point  o f  about 1 1 ~ ~ ~ .  


Apiezon W was found t o  be o f  a high enough v iscos i ty  t o  reduce spreading 
on polished o r  etched wafer surfaces and t o  s ign i f i can t l y  reduce it on 
pyramidla l 1 y textured surfaces. S i  nce Apt ezon W i s  a pet ro l  gum-der i ved 
substance s imi lar  t o  t a r  or asphalt, it has good chemical resistance and 
enough p l a s t i c i t y  when cool t o  a l l w  it t o  sag i n t o  depressions o r  channels 
between pyramids on the wafer surface and t o  s t re tch t o  accomodate any 
wafer expansion o r  contraction due t o  temperature changes durir;g processins. 
In t h i s  property also l i e s  the disadvantage o f  being s o f t  enough t o  be 
susceptible t o  scratching, resu l t ing I n  possible localized remval  o f  the 
protective wax layer. 
Glycol phthalate, the t h i r d  wax considered f o r  use, i s  a hard, clear, 
glassy substance. It combines hardness ( t o  res i s t  scratches) wi th a 
profound viscosi ty change occurring above i t s  melting point. The v iscos i ty  of 
t h i s  substance can thus be al tered by control o f  temperature. The v iscos i ty  
range avai lable i s  su f f i c i en t  to prevent wax spreed on any surface. As a 
disadvantage, the chemical resistance of  t h i s  wax i s  only f a i r .  
Table I contains the resu l ts  of a one hour exposure t e s t  o f  the waxes t o  
concentrated processing reagents a t  room temperature. While t h i s  t e s t  imposed 
conditions more severe than those anticipated i n  actual processing, it d id  
iden t i f y  the reagents tha t  were l i k e l y  t o  cause erosion of  the wax surface, perhaps 
causing f a i l u r e  o f  the mask layer. As can be seen, glycol phthalate, 
despite i t s  hard surface, appears t o  be damaged by nore reagents than the other 
two waxes, and i s  generally affected by reagents t o  a greater extent than the 
other waxes. This nater ia i  i s  best used where physical hardness i s  important 
and where acid content o f  the etching solut ion Is low or strongly buffered, as 
i n  texture etching. As anticipated, Multiwax 195M i s  the least af fected wax, 
with Apiezon g i v ing  s imi lar  results; these two waxes were cnosen fo r  use i r i  the 
remainder of the project. 
T A R E  1: tCISKI MG :-UX ClEMlCAL RESISTANCE 
ETCH REAGENT 
WE IMT LOSS OF WAX S'WLE IN 
PERCENT AFTER ONE. AT RbOCt 
TEMPERATURE 
GLYCOL MJLT I WAX AP 1 EZON 
M H A L A T E  195!1 W 
Sul tu r i c  Acid, 96% 
N i t r i c  acid, 701 
Hydroch lor i c aci  d, 37% 
Hydrof f w r i c  acid, 49% 
Acetic acid, 99$ 
Aqua regia 
Acetone 
lsopropyl alcohol 
Water 
Potassi urn hydroxi de, 45% 
NOTES : 
9 Sample absorbed etchant 
8 Sample surface turned whf t e  
C Sample dissolved completely 
D Sample yellowed s l i g h t l y  
E Sample surface shrank and softened 
F i  gures be low 1% are not l i sted except where wax appearance changed. 
Negative figures indiate tha t  sample weight increased. 
Both o f  the chosen waxes_were demonstrated to  adhere t o  surfaces of  bare 
sf l icon and t o  sf l icon dioxide and si t icon n i t r ide.  
3.4 PFIINTING TESTS 
Pr in t ing  t r i a l s  were performed on a manually operated press i n  order to 
al low t3e f l e x i b i l i t y  o f  operation required t o  study var iat ions i n  p r i n t i ng  
technique. I n  the t r i a l s ,  a wafer was held horizontal l y  on a vacuum chuck wi th  the 
side t o  be pr inted facing up. Two centimeters above the wafer was the Sylgard 
p r in t ing  plate, held i n  a horizontal position, para l le l  t o  the wafer surface, 
with  the wax bearing side of  the p la te  facing down. A lever on the p r i n t i n?  
device was used t o  dr ive the p r i n t i ng  p la te  down t o  contact the wafer, and t o  
elevate the p la te  once again a f t e r  cgntact. The p r i n t i ng  p la te  was waxed 
by means of a r o l l e r  dipping i n to  a pool o f  molten wax. Provisions were made 
t o  heat both the p r in t ing  p la te  and the wafer- to permit the wax to remain 
f l u i d  during the p r i n t  sequence. 
The p r i n t  pattern was one which covered the  wafer wi th wax except f o r  3 series 
of f i ne  concentric c i r c l es  interconnected by s i x  wide rad ia l  spokes. 
As o r i g i na l l y  conceived, the application o f  patterned etch-resistant coatings 
t o  wafer surfaces was t o  be accomplished by i lsing a p r i n t i ng  p la te  o f  
refractory material t o  t ransfer pure molten wax to a heated wafer. Further work 
pointed out the d i f f i c u l t y  of performing t h i s  process and suggested a more 
pract ica l  method of operat ion. 
The major d i f f i c u l t y  wi th the o r ig ina l  process using molten wax was the 
necessity of maintaining the wax, th, p r in t ing  plate, and the wafer surface (along 
wi th t h e  appl icat ion r o l l e r s  and aux i l l i a r y  equipment) a t  a I-mperature above the 
wax me1 t i n g  point. Although the temperatures needed are modest (about 120'~ - 1 4 0 ~ ~ 1 ,  
a f a i r l y  long time was required t o  h e a t  a quant i t y  o f  wax t o  t h i s  temperature and 
t o  a t t a i n  an even temperature wi th in the wax mass. I n  addition, temperature 
l im i t i ng  I s  necessary-to avoid smoking o r  charring o f  the wax. Aside from 
problems o f  wax s tab i l i t y ,  the moving parts o f  the p r i n t i ng  mechanism proved 
t o  be d i f f f c l r i t  t o  maintain a t  control led temperature; inadvertant coal ing 
o f  the wax caused par ts  o f  the p r i n t i r g  device t o  freeze together f i p l y ,  and 
the s t i l l  re la t i ve ty  hot device parts had t o  be allowed t o  cool before manual 
separation o f  the par ts  could be performed. Control o f  wax v iscosi ty by 
temperature was fur ther l imi ted because the waxes experienced temperature 
var iat ions during the p r i n t i ng  process, making close v iscosi ty control a t  the 
moment o f  p r in t ing  very d i f f i c u l t .  
An al ternate t o  molten wax i s  the use of  wax-solvent solut ions a t  
room temperature. The use of such solutions eliminates the necessity o f  
maintaining an en t i re  p r i n t i ng  press a t  elevated temperature, Additional 
advantages include the greater control of wax v iscosi ty (by chemical formulation) 
and greater freedom of selection of p r i n t i ng  p la te  material. 
Tests were again conducted, t h i s  time using a solut ion o f  Apiexon W i n  
methylene chloride, and a suspension of  Multiwax 195M i n  mthylene chloride. 
Use of a suspension i n  the case of Multiwax was necessary because Multiwax. 
has few t rue  solvents, and those tha t  do dissolve t h i s  material e i ther  dissolve too 
l i t t l e  t o  permit the application o f  an etch res is tant  coating (as i s  the case wi th 
mineral sp i r i t s ) ,  o r  are not v o l a t i l e  enough t o  permit the solut ion t o  dry t o  a 
hard wax coating (as wi th mineral o i l ) .  The p r i n t i ng  device was operated a t  
room temperat2re, the wax was appiied t o  the p la te  by r o l l e r  (and pr inted on 
wafers as previously described), and the pr intad wafars were ei ther allowed 
t o  a i r  dry o r  were subjected t o  a 50°c bake cycle fo r  30 minutes before ac id  etching. 
3.5 IMAGE FIDELITY 
The major problem associated w i th  t h e  process was t h a t  o f  a t t a i n i n g  
consistent reproauctlon o f  the  wax mask Image. Although t h e  use o f  special  
t e s t  p l - ' e s  confirmed the  a b i l i t y  qf tha  process t o  produce 2 - 5 m i l  l ines, 
these resu l t s  were produced too  r a r e l y  t o  warrant claims o f  a perfected pr-ocass. 
Spec i f i ca l ly ,  problems resulted from spreading o f  wax from i t s  po in t  o f  
a ~ p l i c a t i o n ,  f a i l u r e  t o  make firm contact between t h e  p r i n t i n g  p l a t e  and 
moderately warped wafers, and the  ra re  but nevertheless f r u s t r a t i n g  occurances 
o f  wafers s t i c k i n g  t o  the  p r i n t i n g  p l a t e  by means of a "suction-cup" e f fec t .  Also, 
use o f  the  Multiwax suspension was discootinued, since it was noted t h a t  t h e  
d iscreet  p a r t i c l e s  o f  wax i n  the  suspensian produced a g r a i n i e r  image than t h e  
Apiezon W solut ions. 
I n  an e f f o r t  t o  improve image f i d e l i t y ,  a c y l i n d r i c a l  p r i n t i n g  p l a t e  
conf igurat ion was tested. In  t h i s  va r ia t i on  o f  t h e  technique, a p r i n t i n g  p l a t e  
was fashioned i n  the  shape o f  a cy l inder  which was waxed and then r o l l e d  over 
the  wafer surface. Since such En arrangement requires the  p l a t e  t o  contact t h e  
wafer along a l ine, rather  than over an area, plate-to-wafer contact was improved 
and suction-cup e f f e c t s  were eliminated. Spreading o f  wax s t i l l  resulted. 
An a n a l y s ~ s  o f  the  spreading problem has led t o  the conclusion t h a t  it 
may be inherent i n  the process appl ied t o  hard substrates. A wax coating, 
appl ied t o  the  p r i n t i n g  p la te  i n  a thickness adequate t o  ensure t rans fe r  o f  a 
pro tec t ive  amount o f  wax t o  the  s i l i c o n  wafer surface, was squeezed out  from 
between the  ? l a t e  and wafer when contact was made. The analogous process o f  
l e t t e r s e t  p r i n t i n g  on paper appears h igh ly  dependent on substrate (paper) propert ies. 
Paper possesses the  a t t r i b u t e s  o f  f l e x i b i l i t y  and absorp t iv i ty ,  ne i ther  one of 
which i s  displayed by the hard and impenetratable s i l i c o n  o f  which so lar  c e l l s  
are maae. The o~arrowness o f  the l ines  which are etched through the  passivat ing 
oxide or n i t r i d e  To accommodate the current-coi lect inc j  metai pa t te rn  i s  
necessary t o  prevent excessive shading of the  c e l l .  This narrowness, it 
was found, v i r t u a l l y  assures t h a t  t he  wax appl ied t o  adjacant areas w i  1 I be 
squeezed out  i n t o  the  t h i n  l i n e  region, preventing it ft.m etching i n  t h e  
desired way. Figures 6 and 3 depict  .;etails o f  t he  l i n e  pattern. Figure 6 
i s  a view o f  the pat te rn  on the o r i g i n a l  photomask showing the  desired l i n e  
d imnsions. Figure 7 shows the  corre5pondiny pat te rn  when wax i s  Fri  nted or, the  
wafer. Since wax squeezing i s  not pe r fec t l y  regular, t h i s  e f f e c t  cannot be 
compensated f o r  by using wider l i nes  on the  p late.  
3.6 WAX REMOVAL 
In  an attempt t o  reduce o r  e l im iqate  the  use o f  organic solvents (and the  
problems associated w i th  t h e i r  t o x i c i t y  and disposal) the  p ro jec t  o r i g i n a l l y  
intended t o  develop a solvent less removal method f o r  cleaning wsfers a f t e r  t he  
chemical etching step. Also intended was the  c a p a b i l i t y  cf recovering and 
recyc l ing  the  wax. 
Ear ly  experiments showed t h a t  up t o  70% o f  masking wax could be removed 
from wafers by simply immersing them i n  b o i l i n g  water, o r  i n  water t o  which 
a heavy sa l t ,  e.g. potassium sul fate,  had been added. In t h i s  removal method, 
wax simply melts and f l o a t s  t o  :he surface o f  the water where it can ba 
.immed o f f .  The add i t ion  o f  a heavy ~ ? i t  ra ises  both the  b o i l i n g  po in t  and the 
densi ty  o f  the  water, accelerat ing the process. 
The ea r l y  experiments were, o f  necessity, cor~ducted w i th  wafers coated 
w i th  rh ick,  continuous layers o f  wax, most o f  r i h i c i ~  was easi l y  removed. 
Later work, using patterned wafers w i th  th inner coatings of wax demonstrated t h a t  
the r e l a t i v e l y  small amount of wax on the wafers melted, but clung t o  the 
wafer zurface. 


Attempts a t  uslrrg blasts of b o ~  hot water and steam succeeded in  
removing more wax, but the rcmved wax was dispersed as f ine d r o ~ l e i s  In  the 
water and did not separate fran the water, so that recovery Mas impracticdl, 
In a l l  cases, enough wax m i n e d  on the wafers tcr make a solvent clem necessary 
anyway, 
The preferred cleaning .lathed was aetemtined to be 3 solvent clean using 
parchloroethylane i n  a degreaser apparatus ithe~e the wafers are cleafised by 
having refluxing perchloroethylene dissolve the wax. Recovery of the wax i s  
s t i l l  possible with t h i s  method by removing perchlor@ethylene through simple 
d i s t i  l lation. 
4.0 G M  LUS l ONS 
The mncluslons drawn from the  r e s u i t s  o f  t h i s  p ro jec t  a re  l i s t e d  beiow: 
1. Melted wax, e.g. .Nuitiwax 19W, was very res i s tan t  tc  chemical 
a t tack  by a l l  reagents tested, but required a heated apparatus fo r  
deposition; this proved t o  be t a ~  var iab le  f o r  p rac t i ca l  use. 
2. #ax so lu t ions  iit t he  form of A ~ i e z o n  k' o r  one o f  i t s  available 
c m r c i a l  preparations, could be pr in ted  onto s i l i c c n  substrates, 
and were found t o  be useful i n  masking wafers A r i n g  wet etching 
prik-ssses. 
5 .  - Gf the  four p r i n t i n s  processes invest igated ( t ransfer ,  I i t hq raphy ,  
in tagt ic !  and le t te rpress) ,  only ie t te rpress  demonstrated the possib le 
promi se o f  p rac t  i ca l use. 
4. T h e  app l ica t ion  of petterned wax r e s i s t  coatings by means of je t terpress 
p r i n t i n g  su f fe rs  f r m  wax so lu t ien  squeezing between t h e  p l a t e  and the 
s i l i c o n  substrate, Cy l i nd r i ca l  p la tes  a l so  show t h i s  property. Control 
of t h i s  flow w i l l  be necessary f o r  p rac t i ca l  implementation cf the 
procass. 
5. KO cracticai a l te rna t i ve  to  the use of oraanic solvants for removal 
of was was found. Vapor dagreasinj  appears t o  be +he most e f f e c t i v e  
remcrvs l process. 
5. 8eso~ery of used was trm the residue o i  a degreasar t y p e  c!eaning 
a p ~ ~ r a t - ~ s  i s  possi b l c  b) >tandard d i s t  i l l a t i o n  
5.0 R E W E N D A T  IONS 
With the e f f o r t  devoted to  t h i s  program, a viable a l ternat ive to s i l k  
screen I ng o f  appropr la te  wax fonnu l a t  Ions was not forthcoming. Add it iona l 
e f f o r t  might solve the remaining problems. However, wi th the advent o f  an 
en t i r e l y  new technology for  patterning d ie l ec t r i c  layers on s i l icon,  it i s  
questionable whether fur ther e f f o r t  on wax masking would be eesirable. 
Demonstrations o f  f ine- l ine plasma etching o f  d i e l ec t r i c  layers through a 
reuseable metal mask have already been made. The f u l l  development of t h i s  
process w i l l  undoubtedly resu l t  i n  more eccnomic wafer processing, less 
consumed material, and iess disposed waste, than i s  possible wi th any wax 
process t ha t  rtxists today. 
6.0 NEW TECHNOLOGY 
This project had 3s  i t s  goal the appl icat ion of existing processes t o  
the manufacture of solar ce l ls .  As such, no new technology i s  reported. 
